Service reservoirs were built to provide the dual function of balancing supply with demand and provision of adequate head to maintain pressure throughout the distribution network. Changing demographics in the UK and reducing leakage have led to significant increases in water age and hence increased risk of poor water quality.
INTRODUCTION
Historically, service reservoirs were built to provide the dual function of balancing supply with demand and provision of adequate head to maintain pressure throughout the distribution network. They provide a buffer between treatment and customer. They act as a safety net in the instance of a pollution incident at the source, treatment breakdown or failure, or an increase in peak demand. In many instances, service reservoirs act as a pressure release valve on the mains network, which helps to reduce bursts and leakage.
Changing demographics have left a number of water companies with the problem of having large storage vessels in areas where the demand has reduced significantly. In many parts of the UK there has been large scale closure of traditional industries. Water costs have led to modern industries looking for minimisation of water usage and increased water re-use. This, in addition to major reductions in leakage, has led to significant increases in water age. This is contributing to poor water quality, increased operational costs such as cost of primary treatment, secondary chlorination, maintenance and additional manpower.
Recent investment in infrastructure has improved many companies' ability to transport supplies around their regions. With this increased operational flexibility it should be feasible to reduce storage where additional sources are readily available. However, there is a reluctance to replace or bypass assets, even when they impose some risk to water quality.
As service reservoirs were designed with a focus of maintaining supply and pressure, there was only a limited understanding that detrimental flow patterns could be induced during operation. As a consequence, these assets can be hydraulically very inefficient, with large areas of tank containing very slow moving or stagnant water.
Changes in operation which affect the ratio of inflows, outflows and operating levels can significantly change the flow profile through the tank. When this occurs, water of unknown and possibly very poor age and quality (e.g. bacteriological integrity, disinfection by-products, chlorine levels, conductivity, redox potential, water stability and dissolved oxygen levels) can pass into the distribution system. The potential impact of these variations of water quality is clearly very complex; some of this is masked by the practice of secondary chlorination (i.e. the injection of chlorine at the exit of the service reservoir).
Understanding the hydraulic behaviour of reservoirs means that control of pollution incidents may be more easily achieved. If the actual residence time in the network was known, a pollution incident could be mapped through the distribution system to provide advance warning to some customers in the event of notices to boil water.
This paper describes some of the results of a research programme aimed at understanding the hydraulics inside service reservoirs. Computational Flow Dynamics (CFD) simulations were carried out for a range of common tanks.
The effects of different inlet arrangements were studied. 
CFD MODELLING
The advantage of CFD is that, once the calculation is completed, information is available for every cell within the tank. The use of CFD by the water industry to analyse flow behaviour is increasing, e.g. a service reservoir by Ta & Brignal (1998) , a secondary treatment plant by Robinson & Stainsby (1996) , a chlorine contact tank by Hannoun & Boulos (1997) and an ozone contact tank by Lo & Murrer (1995) .
The commercial software CFX version 4.1 was used in the study described in this paper. The boundary conditions applied for all the simulations were: (i) free slip conditions at the top water surface with no slip conditions at the retaining walls, (ii) a logarithmic wall boundary layer profile, and (iii) specification of the inlet and the outlet boundaries. The k − e turbulence model was used in preference to higher order turbulence models.
WATER AGE
Water companies are interested in the age of water in service reservoirs because the active disinfectant that is added at the water treatment works will decrease with time. Regions of very old water within a service reservoir will have relatively low levels of disinfectant; hence, at these locations there is the potential for the accumulation of harmful micro-organisms.
In order to obtain the average age distribution it was first necessary to obtain a steady state flow field. Once the steady state solution had been found, the required velocity components, u i , were extracted to solve the time averaged scalar advection diffusion transport equation as given by The scalar, f, represents the average time taken for a particle of water to travel from the inlet to a particular point within the computational domain. The fluid age is regarded as being transferred by convection and by the turbulent diffusive flux terms. Hence the scalar diffusion coefficient, Γ, is set to zero. To satisfy the condition that Lo & Murrer 1995) , the source term S of Equation (1) is equal to the fluid density, :
RESIDENCE TIME DISTRIBUTION
The experimental method of obtaining a residence time distribution is by monitoring the concentration at the outlet after a pulse of tracer has been injected at the inlet.
Tracer curves can also be obtained from CFD simulations.
Starting with a transient formulation of Equation (1) 
PERFORMANCE OF GENERIC SERVICE RESERVOIR DESIGN
Right at the outset of the research programme, it was decided that it would be prohibitively expensive to simulate all the different designs. A survey was carried out to determine the most common geometry. It was found that a rectangular shape was by far the most common.
Three aspect ratios, length to width ratios were modelled, L:W = 1.1, 1.5 and 2. The most common inlet arrangements were horizontal, upturned bell mouth and top entry (via float valve) (see Figures 1(a-c) ). The upturned bell mouth was simulated by means of an annular downward pointing annular ring in the CFD model. As shown on the graph for the side wall circular inlet, the sinusoidal profile of the curve indicates that there is a Figure 3 shows the water age distribution inside a tank with side wall inlet. The water at the centre of the bulk recirculation and at the top right corner is older than the other regions. 
RESIDENCE TIME DISTRIBUTION (TRACER TESTS)

WATER AGE
A MULTICHANNEL REACTOR MODEL
Reactor models are conceptual models to represent the flow behaviours within the process vessels or reactors. Based on site trials, Boulos et al. (1995) have confirmed that, for most practical applications, the assumption of perfect mixing within a service reservoir does not provide an adequate description of the real flows that take place. Mau et al. (1996) 
